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FMIT ALIGNMENT CART®

R. C. Fotter,*™ L. B. Dauelsberg, D. C. Clark, and R. J. Grieggs
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

Summar y

The Fusion Materials Irradiation Test (FMIT)
Facility alignment cart must perform several functions.
It must serve 2as a fixture to receive the drift-tube
girder assembly when it 1s removed from the linac tank.
It must transport the girder assembly from the linac
vault to the area where alignment or disassembly is to
take place. It must serve as a disassembly fixture to
hold the girder while individual drift tubes are
removed for repair. It must align the drift tube bores
in a straight line parallel to the girder, using an
optical system, These functions must be performed
without violating any clearances found within the
building. The bore tubes of the drift tube< will be
irradiated, and shielding will be included in the sys-
tem tfor easier maintenance.

Receiving of Girder

The girder is removed from the tank as a unit
that contains several drift tube.. The girder itself
holds the drift tubes and contains their adjusting
mechanism. The drift-tuhe stems pass through the span-
ner hatch below the girder; the spanner hatch forms a
vacuum seal with the top of the tank, There are bel-
lows that form a seal between the drift-tube stems and
the spanner hatch.

When the girder is lifted out of the tank, the
spanner hatch hangs below it on a set of rigid rods.
The girder is lifted by an overhead crane and is
carried down the length of the tank to the high-Energy
Beam Transport (HEBT) area. lere the girder is lowered
into the alignment cart, which receives it by support-
ing it at points corrusponding to those on the tank;
thus allowing the girder, drift tubcs, and spanner
hatch to be supported in the same manner as whcen on
the tank.

Transport

After thc girder is placed in the alignment cart,
the cart is moved on air pads through a door leading
out of the HEBT area and into the final alignment and
diannostic check area. It also is possible to move
the cart under the hoistway in order to remove the
cart or the girder assembly from the building.

Methods to Find the Magnetic Center of Drift-Tube

QuadrupoTes

The centerlines of the drift-tube bores will be
aligned according to the actual magnetic centers of
the magnetic quadrupoles contained within them. There
are two methods that will be used to find tne mugnetic
centers, both of which have been used to find magnetic
ce.lers of magnets in other applications.

The taut-wire method consists of a wire stretched
through the center of the bore. The wire is supported
on either end by movable supports, and the sag of the
wire at the point where it passes through the bore can
be calculated. A current pulse is passed through the
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wire, and if the wire's path does not lie through the
magnetic center of the quadrupole, the wire jerks to
the side. Motion detectors indicate this jerk, and
the wire position is adjusted until the wire remains
still, indicating it is passing through the magretic
center. Probably this method will be used to ?ind the
magnetic center before a drift tube is inserted in the
girder. The relative position of the magnetic center
to the bore centerline will be noted, and a plun target
with adjustable cross-hairs will be inserted in the
bore for the actual alignment,

The Bitter-figure method uses a vial containing a
mixture of ferrous-ferric oxide (a colloidal iron
oxide) in a viscous medium. When polarized light is
passed through the vial in 2 quadrupole field, and
then viewed through a cross-polarized filter on the
other side of the vial, a cross-hair-1ike pattern is
seen, representing the magnetic-cell boundaries; and
the intersection of the crossing lines represents the
Gguadrupole's magnetic center. ?xper1ments on this
method have yielded accuracies of better than 0.08 mm
(0.003 in.), when carefully used. It will be used to
directly sight in on the magne*ic centers while the
drift tubes are being aligned. A container, which
contains a lighting source, polarizing filter, and
f1uid vial, will be inserted into the drift-tube Lores.
The vial will be observed through an alignment scope,
and will be used to bring the magnetic centers into
conformance. We have found that the second polarizing
filter works best when placed over the eyefiece of tre
alignment scope.

Alignment Method

Figure | shows the alignment cart rolled into the
alignmert docn, Before the agirder is put into the
task after initial assembly, aftcr repair, or after
removal to check alignment, the drift tubes will be
realigned. Tnis 1s to insure that the maygnetic centers
of each trift tube lic on a straight line. Because
the group of drift tubes on each girder must line up
with the group on the next girder while the drift tube
bores are inaccessible inside the tank, an external
set of cross-hair sights on the side of the girder is
provided for aiignment between adjacent girders.

The external cross-hairs represent a line parallel
to the line through the drift tubes. The girders are
mounted on kinematic mounts and qirder orientation can
be adjusted relative to the tank to bring the external
cross-hairs of a girder into alignment with the girder
adjacent to it,

It 1s important that the external sights not only
be par.lle) to the bore-sight 1ine, but also that the
vertical and ho.*1zonta) distance offset between the
bore and external sight be the same for every girder,
Also, 1t is necessary to assure that the roll angle
about the girder's long axis remains the same in the
tank as in the alignment cart so that these horizontal
and vertica) distance axes are not rotated. This
rotation 1s controlled by mounting a leveling device
on the girder in the roull-axis direction. A similar
device also levels in the girder-pitch axis,

The vertical and horizontal distances are set by
targets that are mounted on a fixed frame or wall,
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These targets form the termin tions of the external
and bore sight lines. 3Jccause some radiation may
escape from the ends of the bores, the bure sight

1ine 1s not viewed directly, Instead, the bore is
viewed through an uptical square (accurate right-angle
prism) at the end of the bore by looking through a
transit square (opti.al scope rapable of establishin
sight lines at an accurate right angle to each other?
mounted above the optical squarc, The optical square,
bore sight line transit square, and a transit sq..re
for s1?ht1ng the external sight line are arranged So
that al) angles are square within the accuracy of the
equipment; and the two sight lines are par.lle) hori-
zontally lfor contro) of cosine-related errors), and
have a ssparation in the vertica)l and horizonta)l
directions fixed by the permanent)y mounted targets.

The alignment dock would be u.ed by first mani-
pulating the transit squares and optical square, so
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Alignment cart and dock.

that the sight lines of the two transit squares are
parallel and separated by a distance defined by the
permanently mounted targets. The alignment cart is
then rolled into the dock and s positioned to an
approximate location. The girder {s leveled in the
roll and pitch planes by kinematic mounts on the cart,
the location of which corresponds to those on the
tank, and the external sights on the girder are
sdjusted to conform with the external sight line,

The drift tubes then are adjusted individually by the
use of Bitter-figure vials, or by adjustable cross-
hatr bore inserts, calibrated by the taut-wire method,
When the drift tubes' magnetic centers lle in a
straight Vine on the bore .ight line, alignment is
complete, The girder then can be reinstalled in th
tank, and {ts external sights made to line up with

the external sights on an adjacent girder by adjusti g
the kinemat ic mounts supporting the girder or the
tank,
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Removal of a Drift Tube

To remove a drift tube from the girder, the
girder is first removed from the tank and put on the
alignment cart; then the alignment cart is moved intc
the fir.' aiignment area, A special dolly is placed
under the drift tube, and the attachments 10 the drift
tube that fasten it to the girder are removed, tr - cing
the drift tube from the girder,

Figure 2 shows the disassemt:ly procedure.
Because of the low ceiling clearances in the
alignment area, 1t is not possible to use a crane tc
raise the girder. The girder and the remairirg dritt
tubes are raised off the cart by jacks on each
corner, The drift tube being removed rematns on the
special dolly as the girder slides up and off the
drift-.ube stem, and then it is moved sideways
underneath the girder and out of the cart frame.
After the drift tube is remoyvedt, it is put inte
container, and its stem is gently laid horizontally
on supports within the container,

The girder is raised by four ball-screw
threads, one on each corner of the cart. The screw
threads are nonrotating and serve as jack legs to
raise the girder. The ball nuts rotate around them,

c. d.
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Drift tube removal.

and are connected by drive shafts and 90° drives tc a
drive motor with a reduction gear and holding brake.
This jacking system is contained on the cart, with
the drive motar located on the cart's side;, trus it
15 possible to raise the girder at any location n
the building.

Shielding

Shielding will be provided around the drift-tity
shell and bore-tube area to provide personne! protec-
tion, Approximately ..5-cm-thick (1 in.) lead will
be used as a shielding material, anJ will be in the
form of "clamshells", positioned on either side «f
the drift-tube shells. Tie bore will be shielded on
either end, except for holes for the bore sight line.

Conclusion

The FMIT aligntent cart provides an integrated
system for transportation and alignment of the drift-
tube girder. It can be combined with the alignment
dock to establish externa’ -ight lines to align each
girder with an adjacent girder in the tank, so that
the magnetic centers of all drift tubes lie in a
straight line.



